Chemical context
Benzoylthiourea compounds exhibit anti-inflammatory (Brachmachari & Das, 2012) , anti-cancer, anti-diabetic and anti-virus activity (Kovačková et al., 2011) , and have applications as ionic sensors (Suhud et al. 2015b ) and pharmaceutical drugs (Watson et al., 2000) . Benzoylthiourea molecules containing thioamide (NH-C S) and carbonyl (C O) electron-rich donating groups facilitate the formation of coordination bonds with metal ions such as Co 3+ (Tan et al., 2014) , Ru 2+ (Małecki & Nycz, 2013) , Ag + (Isab et al., 2010) and Ni 2+ (Arslan et al., 2006) . Bivalent and trivalent metal ions prefer to coordinate via the S and O atoms from the thiono and carbonyl units, respectively, but monovalent metal ions tend to coordinate via the S atom.
Herein, we report on the crystal structure of 4-methoxy-N-(piperidine-1-carbonothioyl)benzamide (MPiCB) and its chemical structural data in comparison with the previously reported compound 4-methoxy-N-[(pyrrolidin-1-yl)carbonothioyl]benzamide (MPCB; Suhud et al., 2015a,b) . ISSN 2056-9890 
Structural commentary
The molecular structure of the title compound, MPiCB, is illustrated in Fig. 1 . The geometrical parameters are similar to those observed for 4-methoxy-N-[(pyrrolidin-1-yl)carbothioyl]benzamide (MPCB; Suhud et al. 2015a) . The 4-methoxybenzoyl and piperidine fragments adopt a trans-cis conformation with respect to the thiono S atom across the C8-N1 bond, with the piperidine ring having a chair conformation. The mean plane of the piperidine ring is twisted with respect to the 4-methoxy benzoyl ring with a dihedral angle of 63.0 (3)
. The central N-C( S)-N(H)-C( O) bridge is twisted with an N2-C8-N1-C7 torsion angle of 74.8 (6) . The methoxy group lies in the plane of the benzene ring, with the C14-O2-C4-C3 torsion angle being 180.0 (4) .
Supramolecular features
In the crystal of MPiCB, neighbouring molecules are linked by N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds, forming chains along the c-axis direction (Table 1 and Fig. 2 ). Adjacent chains are linked by C-HÁ Á Á interactions, involving a piperidine H atom and the electrons of the benzene ring, forming layers parallel to the ac plane (Table 1 and Fig. 3 ). The layers are linked by offset -stacking interactions involving the benzene rings, forming a supramolecular three-dimensional structure as illustrated in Fig. 3 [CgÁ Á ÁCg i = 3.927 (3) Å ; Cg is the centroid of the C1-C6 ring; interplanar distance = 3.517 (2) Å ; slippage = 1.747 Å ; symmetry code: (i) Àx, Ày + 2, Àz + 2].
Database survey
A search of the Cambridge Structural Database (Version 5.38, update May 2017; Groom et al., 2016) for the 4-methoxy-N-(carbonothioyl)benzamide skeleton gave 37 hits. Two compounds are of particular interest, namely 4-methoxy-N-(pyrrolidin-1-ylcarbonothioyl)benzamide (DUDYOS; Suhud et al., 2015a) mentioned previously (MPCB), and N-(2,6-dimethylpiperidine-1-carbonothioyl)-3,4,5-trimethoxybenzamide (HESLEX; Dillen et al., 2006) . The 4-methoxybenzoyl ring and the mean plane of the piperidine ring in MPiCB form a smaller angle [63.13 (3) ] compared with the angle of 72.60 (14) for similar mean planes found in DUDYOS (Suhud et al. 2015a) . The bond lengths for C8 S1 A view of the molecular structure of the title compound (MPiCB), with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Table 1 Hydrogen-bond geometry (Å , ).
Cg is the centroid of the C1-C6 benzene ring. Symmetry codes:
Figure 2 A view along the a axis of the crystal packing of the title compound (MPiCB). Hydrogen bonds (see Table 1 ) are shown as dashed lines.
asymmetric unit with slightly different conformations. For example, the mean plane of the piperidine rings are inclined to the benzene rings by 58.97 (11) and 64.11 (11) , compared to 63.13 (3) in the title compound. The central N-C( S)-N(H)-C( O) bridge is twisted in each compound, with an N2-C8-N1-C7 torsion angle of 74.8 (6) in MPiCB, 63.0 (3) in DUDYOS, 65.5 (3) and 79.9 (3) in HESLEX, and finally À59.7 (2) in SAGYOQ.
Synthesis and crystallization
Benzoyl chloride (0.01 mol) was added slowly to ammonium thiocyanate (0.01 mol) in acetone and the mixture was stirred for 30 min at room temperature. A white precipitate of ammonium chloride was filtered off and the filtrate was cooled in an ice bath (278-283 K) for about 15 min. A cold solution (278-283 K) of piperidine (0.01 mol) in acetone was added to the benzoyl isothiocyanate and the mixture was left for 3 h at room temperature. A yellowish precipitate was formed, filtered and washed with cold water to give pale-yellow crystals (yield 87%, m.p. 401-402 K).
The infrared spectrum of MPiCB shows the characteristic signals for (NH) 3300, (O-CH 3 ) 2900, (C O) 1609, (C-C benzene ) 1460, (C-O stretching ) 1327 and v(C S) 1252 cm 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The NH H atom was located in a difference-Fourier map and freely refined. The C-bound H atoms were included in calculated positions and refined in a riding-model approximation: C-H = 0.93-0.97 Å with U iso (H) = 1.2U eq (C). Computer programs: SMART and SAINT (Bruker, 2007), SHELXS97 (Sheldrick, 2008) , SHELXL97 (Sheldrick, 2015) , OLEX2 (Dolomanov et al., 2009) , PLATON (Spek, 2009) and publCIF (Westrip, 2010) . 
4-Methoxy-N-(piperidine-1-carbonothioyl)benzamide
Crystal data Extinction coefficient: 0.012 (4)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

